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ABSTRACT
In this study, the condition of high-voltage three-phase
SF6 circuit breakers is assessed using analysis of variance-
based statistical test. 40 sulphur hexafluoride (SF6) cir-
cuit breakers, with similar technical characteristics and
operating conditions, were tested on the field using the
SA10 switch analyser. The chi-square test for normality
was performed on the measured coil tripping times, before
analysis of variance was applied. Results obtained indicate
the difference between and within the coil tripping times
is not significant.
Keywords – SF6 circuit breakers; analysis of variance;
tripping time; condition asessment.
I. INTRODUCTION
Electrical and mechanical faults related to the operating
mechanism of SF6 three-phase circuit breakers have been re-
ported to be one of the major causes of failure related to these
switchgear equipment [1, 2]. Therefore, on-field assessment
of three-phase circuit breakers is usually sought to monitor
and diagnose the condition of several important electrical
and mechanical parameters (trip coil mechanism, trip coil
contacts, trip time synchronisation, vibration...) that may have
deteriorated as a result of switching operations of SF6 high
voltage three-phase circuit breakers [3, 4]. On-field testing
of the trip coil mechanism, the trip time synchronisation
and vibration, basically reveal the actual condition of the
operating mechanism of SF6 three-phase circuit breakers [4,
5]. Therefore, the opening or closing times, usually referred
to as timing tests, of the main and auxilliary contacts of three-
phase high voltage circuit breakers should not display any
significant deviation between phases [6]. Statistical Inferences
have been suggested in order to evaluate the difference be-
tween opening or closing times of coils of sveral SF6 three-
phase circuit breakers [6, 7]. Previous work reported in [8]
suggested the log-normal distribution application, however did
not test the fitness of trip times to this distribution. In this
study, the trip time synchronisation between the main contacts
is analysed using ANOVA statistical inference tool, following
on-field testing of the opening times of the main contacts for
similar high voltage live tank SF6 circuit breakers. The results
obtained indicate that the mean values of the trip or operating
times are not significantly different from each other.
II. METHODOLOGY
A. Main Contact Timing tests
The test such as performed on SF6 circuit breakers is
explained in detail in [8]. This is conducted in accordance
to the International Electro Commission (IEC) 62271-100
standard, using the following equipment: the SA10 switch
analyser and the main contact timing cables. The devices
under test (DUT) consisted of 40 × 72.5 kV three-phase
SF6 high voltage circuit breakers from similar manufacturer.
A DC trip current from a remotely triggered SA10 switch
analyser was impressed through the timing contact cables into
the main contacts of the breaker. The opening or tripping
time graphs recorded were digitally transferred from the SA10
switch analyser to a portable computer loaded with the BTS
SA10 software application. The link between the testing unit
and the portable computer was made possible by means of
the RS 232 communication port. The test set-up is shown in
figure 1 below.
Fig. 1. Test Set up [8]
B. ANOVA-based Statistical Test
ANOVA is commonly used to test the significance of
experimental observations or the difference thereof [9]. This
test yields to a rejection of one hypothesis over the approval
of another thus validating or disproving the claim. This
statistical test such as applied in this study is aimed at testing
performance response (trip time) of 3-phase high-voltage
SF6 circuit breakers to a DC current stress impressed on the
trip coil at several replications or observations. Therefore
the mean of the trip times measured for each coil or phase
of the circuit breaker was computed. Performance response
of circuit breakers is therefore determined by analysing the
significance of the variance between and within the trip time
per coil. The following fundamental statements form the basis
of this analysis:
1) Null Hypothesis: the mean of the tripping times is equal:
µA − µB = 0 or µA − µC = 0 or µB − µC = 0
2) Alternative Hypothesis: at least one of the mean is
different to the two others:
µA − µB 6= 0 or µA − µC = 0 or µB − µC = 0
3) Statistical test: the null hypothesis is rejected if:
Fst > Fα,k−1,n−1
Since the ANOVA statistical test assumes normally dis-
tributed data, the chi-square test for normality is used to
validate this assumption. Therefore, the following equations
are used:
χ2 =
∑[ (fi −N · P (x))2
N · P (x)
]
(1)
P (x ≤ Z) = P
[
x− µ√
σ
]
(2)
µ =
1
n
n∑
i=1
xi (3)
σ =
1
n− 1
n∑
i=1
(xi − µ)2 (4)
Where:
(1) : Chi-square test function.
(2) : Probability function.
(3) : mean.
(4) : Variance.
The summary of the normality test using the chi-square is
given in table 1. The chi-square test function χA, χB , χA
obtained for each coil is less than the critical chi-square value
χcrit. at degree of freedom (df) of 3.
Table 2 indicates a summary of the ANOVA test procedure
[9]:
TABLE II
ANOVA TEST SUMMARY
Source of variation SS MS df Fst
Treatment SST MST k − 1 -
Error SSE MSE n− k -
Total SSTotal MSTotal n− 1 -
The terms expressed in table 2 are described in terms of the
following equations:
SST =
k∑
j=1
nj (xj − x)2 (5)
SSE =
k∑
j=1
nj∑
i=1
(xij − xj)2 (6)
MSE =
SST
k − 1 (7)
MST =
SSE
n− k (8)
Fst =
MST
MSE
(9)
Where:
SS : sum of squares.
MS : mean squares.
df : degree of freedom.
Fst : ratio of between group variance.
A flowchart giving an overview of the steps followed in
order to produce the results is shown in figure 2.
III. RESULTS AND DISCUSSION
A. Timing graphs obtained
The timing graph indicating the trip times per phase of the
SF6 circuit breakers tested are indicated in figures 3, 4, 5
and 6 below. The trip times, measured in milli-seconds, for
pole-phases A, B and C are shown in red, yellow and blue,
respectively.
TABLE I
NORMALITY TEST
Interval fiA fiB fiC P (A) P (B) P (C) N.P (A) N.P (B) N.P (C) χA χB χC
x ≤ 22 11 10 12 0.2776 0.2514 0.2643 11.1 10.1 10.6 0.000901 0.00099 0.185
22 < x ≤ 23 8 8 8 0.298 0.277 0.268 11.9 11.1 10.7 1.28 0.866 0.681
23 < x ≤ 24 15 16 14 0.23 0.267 0.253 9.2 10.7 10.1 3.66 2.63 1.51
x > 24 6 6 6 0.194 0.205 0.215 7.76 8.2 8.6 0.399 0.59 0.786
N 40 40 40 1 1 1 - - - 5.339901 4.08699 3.162
Fig. 2. Work Overview
Fig. 3. Test Results for Breaker 1
Fig. 4. Test Results for Breaker 2
Fig. 5. Test Results for Breaker 3
B. ANOVA Test Results
the descriptive parameters (mean and variance) for 40
observations conducted on each of the circuit breaker’s trip
coils are obtained using (3) and (4). This is indicated in
table 3. These parameters can now be used in equations (5),
(6), (7), (8) and (9). The ANOVA test results obtained are
presented in table 4.
The results showed the statistical test Fst = 0.02083 which
TABLE IV
ANOVA TEST RESULTS
variation SS MS df Fst p− value FCrit
between 0.0815 0.04075 2 0.02083 0.979389 3.073763
within 228.8905 1.956329 117 - - -
Total 228.972 - 119 - - -
Fig. 6. Test Results for Breaker 4
TABLE III
DESCRIPTIVE PARAMETERS OBTAINED
Coil j
40∑
j=1
xj µ σ
A 40 913.8 22.845 2.052795
B 40 916.3 22.9075 1.816096
C 40 915.5 22.8875 2.000096
is less than the critical value (Fcrit = 3.073763), for a
p − value = 0.979389. Since Fst < Fcrit, the alternative
hypothesis is therefore rejected. The null hypothesis approval
implies that the variance between the mean of the coil trip
times is not significant, and the repeated time-values are con-
sistent. This therefore indicates that the coil trip mechanism of
the SF6 circuit breakers is indeed in good operating condition.
IV. CONCLUSION
ANOVA statistical approach was applied in this study in
order to assess the condition of the coil trip mechanism of
high-voltage SF6 circuit breakers. This method provides the
benefit of conclusively determining the significance of the
variance between the coil trip times measured, hence revealing
the performance response or condition status of the tested
devices in the most definitive way. Further studies making use
of ANOVA-based statistical test should be oriented towards
the inclusion of several other factors (multifactor ANOVA)
that may be used to monitor the condition of high-voltage
SF6 circuit breakers.
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